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Abstract
Objectives: A longitudinal study was performed to evaluate the jaw muscle activity and mandibular kinematics 
after Teuscher activator treatment and at 2 years after orthodontic treatment completion. 
Material and Methods: Twenty-seven children with Class II division 1 malocclusion were evaluated before treat-
ment (T0; mean: 11.6 years), after functional treatment (T1; mean: 12.8 years), and 2 years after orthodontic 
treatment (T2; mean: 18 years). Bilateral surface electromyographic activities of the anterior temporalis, posterior 
temporalis, masseter, and suprahyoid muscle areas were analyzed at rest and during clenching, swallowing, and 
mastication. Kinematic recordings of the mandibular maximum opening, lateral shift, right and left lateral excur-
sions, and protrusion were evaluated. 
Results: Compared to T0, the left masseter activity during clenching was decreased at T1 but increased at T2, 
similar to the other evaluated muscles. The suprahyoid activity during swallowing was increased at T1 but de-
creased at T2. The masseter activity during mastication was increased at T1 and further increased at T2. The left 
and right lateral excursions and protrusion did not show significant changes throughout the experiment. 
Conclusions: Teuscher activator and subsequent fixed orthodontic treatment improved jaw muscle function; how-
ever, a long period was needed to attain complete neuromuscular adaptation.
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Introduction
Angle Class II division 1 malocclusion, which has a 
high prevalence among different populations, is a very 
common problem encountered by orthodontists (1-4). 
Myofunctional alterations, such as reductions in the 
functional and postural activities of the jaw muscles, 
have been described in affected patients (5,6). Func-
tional therapy with various orthodontic appliances is 
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usually the first choice of treatment in cases of man-
dibular retrognatism. The main goal of functional ap-
pliance treatment of Class II malocclusion is to utilize 
the forces exerted by the masticatory muscles, tongue, 
cheeks, and lips to elicit neuromuscular changes, which 
can affect the activity of the masticatory muscles and 
the movement and position of the mandible (7,8).
Clinical studies have shown that activators, which have 
been widely used for many years, may influence the sur-
face electromyographic (sEMG) activity of the jaw mus-
cles (9-13). In their examination of the sEMG activities of 
the masseter (MA) and anterior temporalis (AT) muscles, 
Uner et al. (10) observed increased activities of both mus-
cles in the rest position and decreased activities in the 
maximum biting position at the beginning of treatment 
when an activator was used, whereas both muscle activi-
ties were decreased in the rest position at the end of treat-
ment. No change was observed between the activities of 
MA and temporal muscles recorded at the beginning and 
at the end of this investigation without the activator. Ueda 
et al. (9) reported a considerable difference in the masti-
catory muscle activities induced by activator use during 
daytime and sleep. Ingervall et al. (12) Ingervall et al. (12) 
found that the sEMG activity of the posterior temporalis 
(PT) at the rest position increased after 6 months of acti-
vator treatment. However, the sEMG activity decreased 
after a period of observation, probably due to patient ad-
aptation to the new mandible position. 
Functional appliances cause neuromuscular alterations, 
and neuromuscular adaptation may not be complete 
within the 6 months of functional treatment. Thus, 
studies evaluating jaw muscle response after functional 
treatment should be performed over the long term, be-
cause a 6-month observation period may be insufficient 
to draw definitive conclusions (14). Moreover, the pos-
sibility of later adaptation effects during treatment with 
functional appliances is an important consideration. 
Few studies have analyzed neuromuscular changes after 
treatment with the Teuscher activator, and no study has 
evaluated long-term changes with its use. We tested the 
hypothesis that functional treatment with the Teuscher-
activator improves jaw muscle function. Therefore, the 
aim of this prospective, longitudinal, case-series study 
was to evaluate the sEMG activities of masticatory 
muscles and the kinematics of mandibular changes in 
children with Class II division 1 malocclusion treated 
by the Teuscher activator combined with high-pull 
headgear after functional treatment and at 2 years after 
orthodontic treatment completion. 
Material and Methods
-Subjects
Twenty-seven children diagnosed with angle Class II di-
vision 1 malocclusion and retruded mandible were con-
secutively recruited from the Faculty of Odontology at 
the graduate orthodontic clinic of the University. Chil-
dren were selected for the study according to the follow-
ing inclusion criteria: skeletal and dental Class II division 
1 malocclusion, dolichofacial pattern, retrognathic man-
dible, bilateral Class II molars of at least ½ cusp, no uni-
lateral posterior cross-bite, hand-wrist radiographic stage 
before the peak of the pubertal growth spurt, and Cauca-
sian origin. Subjects were excluded if they had tempo-
romandibular joint noises at clinical examination (open-
close), capsular or muscle pain on palpation, a history of 
neuromuscular disease or disease affecting neuromuscu-
lar performance, trauma in the dentofacial region, sys-
temic joint disease, previous orthodontic treatment, or 
were taking systemic medication, such as steroids.
Patients were evaluated before orthodontic treatment 
(T0, mean age: 11.6 years), after functional treatment 
with the Teuscher activator (T1, mean age: 12.8 years), 
and at 2 years after completion of orthodontic treatment 
with fixed appliances (T2, mean age: 18 years). All pa-
tients and their parents agreed to participate by signing 
an informed consent form that had been approved by 
the Ethical Committee of our Institution.
-Orthodontic treatment
Patients received functional treatment with the Teuscher 
activator with extraoral high-pull headgear. For bite 
registration, each patient was asked to protrude his or 
her mandible as far as possible. Four millimeters were 
subtracted from this position, and the construction bite 
was registered. The construction bite was standardized 
for all patients with the George gauge (Great Lakes 
Orthodontics, Tonawanda, NY), which automates bite 
registration for functional orthodontic appliances sim-
ply and accurately. The construction bite was not taken 
in an edge-to-edge position, which supposes a different 
advancement of the mandible for each patient, depend-
ing on the overjet. At the start of the treatment, each 
subject was instructed to wear the activator for at least 
14 hours daily. To assess the degree of compliance, pa-
tients were asked to register their daily wearing times 
on a special form. The mean functional treatment time 
was 1.1 years. After treatment with the activator had 
finished, orthodontic treatment was continued with 
fixed appliances (0.018-inch-slot conventionally ligated 
Hilgers’ edgewise brackets system; Ormco, Glendora, 
CA). The mean orthodontic treatment time with fixed 
appliances was 2.6 years, followed by retention for 6 
months with a maxillary removable circumferential 
Hawley-type retainer and a mandibular flexible spiral 
wire canine-to-canine lingual retainer bonded to all 6 
anterior teeth. After the patients had completed their or-
thodontic treatment protocols, they were followed for 2 
years out of retention.
-Electromyography study
The electromyography study was performed with 
an EM2 electromyograph (K6-I Diagnostic System, 
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Myotronics-Noromed, Kent, WA), which has 8 chan-
nels, a frequency bandwidth response of 45-430 Hz per 
channel, and allows 4 pairs of muscles to be tested si-
multaneously. The EM2 was interfaced with a computer. 
Disposable 10-mm-diameter Ag/AgCl bipolar surface 
electrodes (Duo-Trode Myotronics-Noromed) were posi-
tioned, with an interelectrode distance of 21 ± 1 mm, on 
the muscle bellies parallel to muscle fibers, according to a 
previous protocol (15). Simultaneous bilateral (right and 
left) sEMG activities from the AT, PT, MA, and suprahy-
oid (SH) muscle areas were recorded at the mandibular 
rest position, during swallowing, and during mastication. 
The sEMG activities from the bilateral AT and MA mus-
cles were obtained during maximal voluntary clenching 
(MVC) in maximal intercuspation. Asymmetry, activity, 
and torque indices(16,17) were calculated for each muscle 
at rest and during MVC. The MA/TA ratio during MVC 
was also recorded. To assess the reproducibility of sEMG 
data, 5 subjects underwent 4 trials over 4 days according 
to a tested experimental protocol (15).
-Kinesiography study
Mandibular movements were recorded with a kine-
siographic computer system (K6, Myo-tronics, Seat-
tle, WA). Sensor placement, instrument alignment and 
calibration, and recording were performed according 
to previously described protocols (18-20). Mandibular 
movements were recorded during maximum excursions 
(opening-closing, protrusion, and right and left lateral). 
As described in a previous study (19), the reproducibil-
ity of the kinesiographic recordings was tested by com-
paring the results of 2 consecutive measurements of 10 
randomly selected subjects.
-Statistical analysis
The SPSS 11.0 software package (SPSS Inc, Chicago, 
IL) was used for statistical analysis. After establishing 
normality by the Shapiro-Wilks test, data were com-
pared at T0 vs. T1 vs. T2 with 1-way repeated measures 
ANOVA followed by the Tukey-Kramer multiple-com-
parison test. The ANOVA for repeated measures test 
was used to test the reproducibility of the EMG meas-
urements. The reproducibility of the kinesiographic 
data was tested by the paired t-test. Differences with P 
≤ 0.05 were considered statistically significant. 
Results
The reproducibility of sEMG recordings was assessed 
from repeated measurements (4 trials) from different sub-
jects performed over different days. ANOVA revealed no 
systematic differences. A paired Student’s t-test revealed 
no systematic differences between the first and second 
data collection sessions for the kinesiographic recordings.
-Muscle activity at rest position
(Table 1) shows the mean values and standard deviations 
of the electric potentials recorded in the 8 examined 
muscle areas at the 3 time points. Significant changes 
in the sEMG activities were found for all muscle areas. 
Posthoc comparisons (Table 2) showed significantly 
higher sEMG values of the left AT and right SH mus-
cle areas after treatment (T0-T1), which reached values 
similar to the corresponding contralateral muscles. We 
also observed significant increases in the resting sEMG 
activities of the AT, PT, and MA areas and a significant 
decrease in the activity of the SH area from the end of 
treatment completion to the end of the observation peri-
od (T1-T2). No differences were found for any of sEMG 
indices throughout the study (Table 3). The activity in-
dex became more negative from T1 to T2, reaching a 
final value of -20.07 ± 25.07. reflecting that jaw position 
is maintained by using more AT than MM muscles.
-Muscle activity during MVC
(Table 1) lists the sEMG values of the AT and MA mus-
cle areas during MVC. The activity of the left MA area 
decreased significantly after treatment, but this reduc-
tion was not stable. The activity of the left MA area 
increased significantly, similar to the other evaluated 
muscle areas, from T1 to T2 (Table 2). The ratio of the 
MA/TA areas and the EMG indices (Table 3) remained 
unchanged over time.
-Muscle activity during swallowing 
Right AT and left PT activities increased significantly 
after treatment and continued to increase through the 
end of the study. During the observation period after 
functional treatment (T1–T2), the left and right AT and 
PT muscle areas showed increased activities. In con-
trast, the left and right MA and SH muscles showed 
increased activities after treatment, but this increment 
was unstable and decreased during the observation pe-
riod (Tables 1,2).
-Muscle activity during mastication
A significant increment in the left AT and PT and both 
MA muscle area activities was found after treatment, 
which continued to increase after the observation period. 
At the end of the study, bilateral AT, PT, and MA muscle 
areas showed highly significant sEMG values. The left 
SH activity increased after treatment but decreased dur-
ing the observation period, and both SH areas showed 
lower sEMG values at the end of the study (Tables 1,2).
-Kinesiographic results
(Table 4) presents the kinesiographic data of the man-
dibular maximum opening, lateral shift, right and left 
lateral excursions, and protrusion for the 3 study peri-
ods. A temporary non-significant increase of maximum 
opening was observed after treatment with the Teuscher 
activator (from 36.59 mm to 41.46 mm). Tukey post-tests 
performed after one-way ANOVA for repeated measure-
ments shown in (Table 4) showed significant differences 
only for the mandibular lateral shift: the initial lateral 
shift (0.45 ± 1.16 mm) increased after functional treat-
ment (1.33 ± 0.81 mm) (p<0.05), but decreased during 
the observation period (to 0.56 ± 0.45 mm) (p<0.05). 
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 T0-T1 T0-T2 T1-T2 
MUSCLE Diff 95%CI p Diff 95%CI p Diff 95%CI p 
Rest Position          
LEFT AT area 0.26 0.03 to 0.49 ns 0.65 0.42 to 0.88 *** 0.39 0.16 to 0.62 *** 
RIGHT AT area 0.05 -0.18 to 0.28 ns 0.38 0.15 to 0.61 *** 0.33 0.10 to 0.56 *** 
LEFT PT area 0.35 -0.32 to 1.02 ns 1.92 1.25 to 2.59 *** 1.57 0.90 to 2.24 *** 
RIGHT PT area -0.12 -0.79 to 0.55 ns 2.05 1.38 to 2.72 *** 2.17 1.50 to 2.84 *** 
LEFT MA area 0.14 -0.09 to 0.37 ns 0.17 -0.06 to 0.40 * 0.23 -0.02 to 0.26 * 
RIGHT MA area 0.18 -0.05 to 0.41 ns 0.4 0.17 to 0.63 *** 0.22 0.01 to 0.45 * 
LEFT SH area 0.09 -0.14 to 0.32 ns -0.63 -0.86 to -0.40 *** -0.72 -0.95 to -0.49 *** 
RIGHT SH area 0.42 0.19 to 0.65 * -0.33 -0.56 to -0.10 *** -0.75 -0.98 to -0.52 *** 
Clenching          
LEFT AT area 4.87 -9.83 to 19.57 ns 35.69 20.99 to 50.39 *** 30.82 16.12 to 45.52 *** 
RIGHT AT area 1.81 -12.89 to 16.51 ns 20.76 6.06 to 35.46 *** 18.95 4.25 to 33.65 ** 
LEFT MA area -15.13 -29.46 to -0.80 * 49.18 34.85 to 63.51 *** 64.31 49.98 to 78.64 *** 
RIGHT MA area 10.45 -3.88 to 24.78 ns 58.86 44.53 to 73.19 *** 48.41 34.08 to 62.74 *** 
Swallowing          
LEFT AT area 0 -0.51 to 0.51 ns 1 0.53 to 1.47 *** 1 0.53 to 1.47 *** 
RIGHT AT area 0.57 0.06 to 1.08 ** 1.19 0.72 to 1.66 *** 0.62 0.15 to 1.09 ** 
LEFT PT area 0.93 0.12 to 1.98 * 2.46 1.41 to 3.51 *** 1.53 0.48 to 2.59 *** 
RIGHT PT area -0.67 -1.73 to 0.38 ns 3.09 2.04 to 4.15 *** 3.76 2.71 to 4.82 *** 
LEFT MA area 0.64 0.10 to 1.18 ** 0.43 -0.11 to 0.97 ns -0.21 -0.75 to 0.33 * 
RIGHT MA area 0.89 0.35 to 1.43 *** -0.16 -0.70 to 0.38 ns -1.05 -1.59 to -0.51 *** 
LEFT SH area 1.03 -0.20 to 2.26 * -2.49 -3.72 to -1.26 *** -3.52 -4.75 to -2.29 *** 
RIGHT SH area 1.81 0.58 to 3.04 *** -3.58 -4.81 to -2.35 *** -5.39 -6.62 to -4.16 *** 
Mastication          
LEFT AT area 9.32 3.22 to 15.42 *** 18 11.9 to 24.1 *** 8.68 2.58 to 14.78 *** 
RIGHT AT area 0.84 -5.26 to 6.94 ns 7.49 1.39 to 13.59 ** 6.65 0.55 to 12.75 ** 
LEFT PT area 6.77 3.54 to 9.99 *** 12.89 9.66 to 16.12 *** 6.12 2.89 to 9.35 *** 
RIGHT PT area 2.46 -0.77 to 5.69 ns 7.86 4.63 to 11.09 *** 5.4 2.17 to 8.63 *** 
LEFT MA area 13.76 8.78 to 18.74 *** 24.32 19.34 to 29.3 *** 10.56 5.58 to 15.54 *** 
RIGHT MA area 10.46 5.48 to 15.44 *** 16.49 11.51 to 21.47 *** 6.03 1.05 to 11.01 ** 
LEFT SH area 5.5 2.35 to 8.65 *** -5.75 -8.90 to -2.60 *** -11.25 -14.4 to -8.10 *** 
RIGHT SH area 1.53 -1.61 to 4.68 ns -3.85 -6.99 to -0.70 ** -5.38 -8.53 to -2.23 *** 
Table 2. Mean differences (T0 vs. T1, T0 vs. T2, T1 vs. T2) of sEMG activity (µV) at rest position and during clenching, swallowing 
and mastication (Tukey post-tests performed after one-way ANOVA shown in Table 1).
sEMG: surface electromyographic; AT: Anterior temporalis; PT: Posterior temporalis; MA: Masseter; SH: Supra-hyoid  * p < 0.05, **p 
< 0.01, ***p < 0.001, ns: non-significant.
 T0 T1 T2 ANOVA 
MUSCLE Mean SD Mean SD Mean SD p Value 
Rest Position        
Asymmetry Index (%) 2.31 14.20 3.55 15.39 4.65 22.33 0.928 
Activity Index (%) -10.97 23.05 -10.72 23.91 -20.07 25.07 0.486 
Torque Index (%) 6.56 18.26 3.55 18.43 -1.27 17.78 0.513 
Clenching       
Asymmetry Index (%) -0.66 8.88 2.39 9.65 -0.71 8.06 0.496 
Activity Index (%) -1.46 18.43 -2.57 17.29 4.23 12.79 0.126 
Torque Index (%) 0.51 11.94 -2.25 11.16 -1.82 10.21 0.696 
Table 3. Comparisons of mean values of Asymmetry, Activity and Torque Indices (%) at rest position 
and during clenching at T0, T1 and T2 (One-way ANOVA for repeated measurements).
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Discussion
We analyzed the sEMG activity of the jaw muscles 
and used kinesiography to assess longitudinal changes 
in the mandibular rest position and during clenching, 
swallowing, mastication, maximum opening, lateral 
shift, lateral excursion, and protrusion in children with 
Class II division 1 malocclusion after functional treat-
ment with the Teuscher-activator and at 2 years after 
retention. Our working hypothesis was accepted since 
activator use improved jaw muscle function.
One limitation of this study was the lack of a longitudinal 
control group with normal occlusion throughout all phases 
of the study. However, there are few, if any, published stud-
ies including normative sEMG values of the jaw muscles 
and kinematics of the mandible in growing children.
-Muscle activity at rest position
A more symmetrical muscular condition was achieved 
after functional treatment. Similar to Ingervall et al. 
(13),  Ingervall et al. (13), we did not find a decrease 
in the activity of the PT muscles after functional treat-
ment, although such a decrease has been described as 
a sign of forward displacement of the mandible during 
treatment with a functional appliance (21).
The PT muscle showed the highest sEMG values in the 
rest position throughout the study, reflecting the role 
of the PT muscles in the stabilization and positioning 
of the mandible at rest in patients with Class II divi-
sion 1 malocclusion, as in other studied samples (22). In 
contrast, the MA muscle presented the lowest activity. 
The activity index showed a predominance of AT over 
MA in the rest position before treatment, supporting 
the important role that AT muscles play in positioning 
the mandible in Class II malocclusion in normal young 
people (16) and young adults (23). Similarly, the activity 
index was more negative at the end of the observation 
period, reflecting that the jaw position at this time was 
maintained more by the AT than by the MA muscles. 
During the 2-year observation period after orthodon-
tic treatment was completed (T1–T2), the AT, PT, and 
MA muscles all showed increased activities, whereas 
the SH showed decreased activity. This finding reflects 
good neuromuscular adaptation of the mandible to the 
rest position, new skeletal and occlusal conditions, and 
general growth changes.
-Muscle activity during MVC
We observed a decrease in the sEMG activity of the left 
MA during MVC after functional treatment. This find-
ing was probably due to occlusal instability or a lack of 
occlusal contacts of teeth in the posterior region, caused 
by the changed tooth positions and the intermaxillary 
relationship after functional treatment. Ingervall et al. 
(12) Ingervall et al. (12) and Ingervall et al. (13) Inger-
val et al. (13) found a decrease in the maximal activity 
of the MA muscles after functional treatment with an 
activator, and Aggarwal et al. (14) made the same obser-
vation after treatment with the Twin-block appliance. 
During the observation period, we found that the MA 
activity increased significantly, as did the activities of 
other evaluated muscle areas (right MA and both AT 
muscles). This finding reflects improvement of the oc-
clusal conditions (i.e., contact quality and stability).
Before treatment with the functional appliance, the ac-
tivity of AT was higher than (right AT) or similar to 
(left AT) the activity of the homolateral MA muscles. 
Similar findings have been found previously in Class II 
division I malocclusion samples (6,24). After functional 
treatment, the AT muscles showed higher sEMG values 
than the MA muscles. Although no significant difference 
was found in the activity indices or in the MA/AT area 
ratios throughout the study, there was a slight tendency 
toward predominance of MA over AT as the activity in-
dex moved from negative (AT predominance) at T0 and 
T1 to positive (MA predominance) at T2, approaching 
the situation in normo-occlusive young people (16,25). 
This improvement in the MA sEMG values could be ex-
plained by improvements in the occlusal conditions af-
ter completion of the treatment and observation period. 
The long-term changes might also be attributable to the 
growth and development of the children, particularly in 
more advantageous conditions. 
-Muscle activity during swallowing 
Interestingly, children with class II division 1 maloc-
clusion showed high sEMG values in the SH muscles 
during swallowing. This finding could be attributed to 
 T0 T1 T2  
PARAMETER Mean SD Mean SD Mean SD p 
Maximum opening 35.23 1.44 41.46 1.35 37.09 1.30   0.661 
Mandibular lateral shift 0.45 1.16 1.33 0.81 0.56 0.75 0.008 
Right lateral excursion 8.41 0.52 7.65 0.58 7.96 0.33 0.901 
Left lateral excursion 7.96 0.5 7.35 0.45 7.74 0.40  0.927 
Protrusion 8.87 0.68 9.34 0.63 8.45 0.54 0.881 
Table 4. Comparisons of kinematic measurements (mm) of maximum opening, mandibular 
shift, right and left lateral excursions and protrusion at T0, T1 and T2 (One-way ANOVA for 
repeated measurements).
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the increased overjet that forced the tongue to move for-
ward during swallowing, such as occurs in immature 
swallowing (26). However, after functional treatment, 
the SH activities were increased, even though the over-
jet was reduced. At 2 years after orthodontic treatment 
completion, the activities in the SH muscle were signifi-
cantly decreased. This finding reflects normalization 
in the SH function, probably related to a more mature 
swallowing. Overall, these results might indicate that 
neuromuscular changes related to the normalization re-
quire a long period after functional treatment in which 
to occur. As a reflection of this functional improvement 
after a long time period, the AT and PT muscles also 
showed increased activities, whereas the MA activities 
decreased during the T1–T2 time interval. 
-Muscle activity during mastication
From a functional perspective, the most important find-
ing was that the MA sEMG activities during mastication 
increased significantly after treatment with the Teuscher 
activator (13.76 µV mean left MA, 10.46 µV mean right 
MA) and increased further at 2 years after orthodontic 
treatment completion. At the end of the study, the AT 
and PT muscles showed significantly higher activity 
values. In contrast, the activities of the SH muscle areas 
were decreased after the observation period, similar to 
their values in the rest position and during swallowing. 
Therefore, the functional capacity of the jaw muscles 
during mastication improved after functional treatment 
and continued to improve during the years after ortho-
dontic treatment was completed.
-Kinesiography
Before treatment, patients with Class II division 1 
malocclusion showed a maximum vertical opening of 
35.23 ± 1.44 mm, similar to the value reported by Fer-
rario et al. (27) in normal young people (36.59 mm). The 
observed temporary increase seen after treatment with 
the Teuscher activator (41.46 ± 1.35 mm) could be ex-
plained by the increased laxity of the TMJ ligaments 
produced by the functional appliances. On the other 
hand, Thüer et al. (8) did not find changes in the maxi-
mum vertical opening during activator treatment. The 
mean mandibular lateral shift experienced a transient 
increment after treatment (from 0.45 to 1.33 mm) but 
decreased to near its original value during the observa-
tion period (0.56 mm). These results can be interpreted 
as a consequence of the remodeling processes that oc-
cur at the TMJ. Some studies (28,29) have reported a 
slight lateral displacement of the mandible during open-
ing and closing movements in normo-occlusive young 
patients, which is considered physiological. 
The left and right lateral excursions and protrusion did 
not show significant changes after functional treatment 
or after the observation period.  Petit et al. (30) Petit et 
al. (30) described a reduction in the magnitude of the 
maximal protrusion as a sign of forward mandibular po-
sitioning during activator treatment. From this perspec-
tive, our patients did not experience a forward mandibu-
lar position after Teuscher activator treatment. 
Conclusions 
Teuscher activator with extraoral high-pull headgear 
and subsequent fixed orthodontic treatment improved 
jaw muscle function. Our findings suggest a good adapt-
ability of the jaw muscles to the newly achieved skeletal 
and occlusal conditions after Teuscher activator treat-
ment, although a long period was needed to reach com-
plete neuromuscular adaptation to these changes. Lon-
gitudinal studies including a normo-oclusive–matched 
control group are needed to clarify which changes may 
be specifically attributed to the functional treatment.
References
1. Jonsson T, Arnlaugsson S, Karlsson KO, Ragnarsson B, Arnarson 
EO, Magnusson TE. Orthodontic treatment experience and preva-
lence of malocclusion traits in an Icelandic adult population. Am J 
Orthod Dentofacial Orthop. 2007;131:e11-18.
2. Gabris K, Marton S, Madlena M. Prevalence of malocclusions in 
Hungarian adolescents. Eur J Orthod. 2006;28:467-70.
3. Onyeaso CO. Prevalence of malocclusion among adolescents in 
Ibadan, Nigeria. Am J Orthod Dentofacial Orthop. 2004;126:604-7.
4. Abu Alhaija ES, Al-Khateeb SN, Al-Nimri KS. Prevalence of 
malocclusion in 13-15 year-old North Jordanian school children. 
Community Dent Health. 2005;22:266-71.
5. Ahlgren J. Early and late electromyographic response to treatment 
with activators. Am J Orthod. 1978;74:88-93.
6. Pancherz H. Activity of the temporal and masseter muscles in class 
II, division 1 malocclusions. An electromyographic investigation. 
Am J Orthod. 1980;77:679-88.
7. Pancherz H, Anehus-Pancherz M. The effect of continuous bite jump-
ing with the Herbst appliance on the masticatory system: a functional 
analysis of treated class II malocclusions. Eur J Orthod. 1982;4:37-44.
8. Thüer U, Ingervall B, Bürgin W. Does the mandible alter its func-
tional position during activator treatment?. Am J Orthod Dentofacial 
Orthop. 1989;96:477-84.
9. Ueda HM, Tabe H, Kato M, Nagaoka K, Nakashima Y, Shikata 
N, et al. Effects of activator on masticatory muscle activity during 
daytime and sleep. J Oral Rehabil. 2003;30:1030-5.
10. Uner O, Darendeliler N, Bilir E. Effects of an activator on the 
masseter and anterior temporal muscle activities in Class II maloc-
clusions. J Clin Pediatr Dent. 1999;23:327-32. 
11. Stavridi R, Ahlgren J. Muscle response to the oral-screen activa-
tor. An EMG study of the masseter, buccinator, and mentalis mus-
cles. Eur J Orthod. 1992;14:339-49. 
12. Ingervall B, Bitsanis E. Function of masticatory muscles during 
the initial phase of activator treatment. Eur J Orthod. 1986;8:172-84.
13. Ingervall B, Thüer U. Temporal muscle activity during the first 
year of Class II, division 1 malocclusion treatment with an activator. 
Am J Orthod Dentofacial Orthop. 1991;99:361-8.
14. Aggarwal P, Kharbanda OP, Mathur R, Duggal R, Parkash H. 
Muscle response to the twin-block appliance: an electromyographic 
study of the masseter and anterior temporal muscles. Am J Orthod 
Dentofacial Orthop. 1999;116:405-14.
15. Alarcon JA, Martin C, Palma JC, Menendez-Nunez M. Activ-
ity of jaw muscles in unilateral cross-bite without mandibular shift. 
Arch Oral Biol. 2009;54:108-14.
16. Ferrario VF, Sforza C, Miani A, D’Addona A, Barbini E. Electro-
myographic activity of human masticatory muscles in normal young 
people. Statistical evaluation of reference values for clinical applica-
tions. J Oral Rehabil. 1993;20:271-80.
Med Oral Patol Oral Cir Bucal. 2013 May 1;18 (3):e497-504.                                                                                                                   EMG and mandibular movements in Class II malocclusions
e504
17. Naeije M, McCarroll RS, Weijs WA. Electromyographic activity 
of the human masticatory muscles during submaximal clenching in 
the inter-cuspal position. J Oral Rehabil. 1989;16:63-70.
18. Martin C, Palma JC, Alaman JM, Lopez-Quinones JM, Alarcon 
JA. Longitudinal evaluation of sEMG of masticatory muscles and 
kinematics of mandible changes in children treated for unilateral 
cross-bite. J Electromyogr Kinesiol. 2012;22:620-28.
19. Martin C, Alarcon JA, Palma JC. Kinesiographic study of the 
mandible in young patients with unilateral posterior crossbite. Am J 
Orthod Dentofacial Orthop. 2000;118:541-8.
20. Cacho A, Martin C. Kinesiographic and sonographic changes in 
young Class II patients treated with functional appliances. Am J Or-
thod Dentofacial Orthop. 2007;131:196-201.
21. McNamara JA. Neuromuscular and skeletal adaptations to altered 
function in the orofacial region. Am J Orthod. 1973;64:578-606.
22. Jimenez ID. Dental stability and maximal masticatory muscle 
activity. J Oral Rehabil. 1987;14:591-8.
23. Rilo B, Santana U, Mora MJ, Cadarso CM. Myoelectrical activ-
ity of clinical rest position and jaw muscle activity in young adults. J 
Oral Rehabil. 1997;24:735-40.
24. Pancherz H, Anehus-Pancherz M. Muscle activity in class II, di-
vision 1 malocclusions treated by bite jumping with the Herbst appli-
ance. An electromyographic study. Am J Orthod. 1980;78:321-9.
25. Miralles R, Hevia R, Contreras L, Carvajal R, Bull R, Manns 
A. Patterns of electromyographic activity in subjects with different 
skeletal facial types. Angle Orthod. 1991;61:277-84.
26. Störmer K, Pancherz H. Electromyography of the perioral and 
masticatory muscles in orthodontic patients with atypical swallow-
ing. J Orofac Orthop. 1999;60:13-23.
27. Ferrario VF, Sforza C, Miani A, D’Addona A, Tartaglia G. Sta-
tistical evaluation of some mandibular reference positions in normal 
young people. Int J Prosthodont. 1992;5:158-65.
28. Ferrario VF, Sforza C, Miani A, Serrao G. Kinesiographic three-
dimensional evaluation of mandibular border movements: a statis-
tical study in a normal young  nonpatient group. J Prosthet Dent. 
1992;68:672-6.
29. Kang JH, Chung SC, Fricton JR. Normal movements of mandible 
at the mandibular incisor. J Prosthet Dent. 1991;66:687-92.
30. Petit HP, Chateau M. The K test and the condylar test. J Clin 
Orthod. 1984;18:726-32.
Conflict of interests 
The authors declare that they have no conflict of interests.
